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Abstract 
This paper deals with the calculation of Levelized Electricity Cost (LEC) of five Solar Photovoltaic power (SPV) plants of 
different capacities 1MW, 5MW, 10MW, 25MW and 151MW. The calculation has been performed from the power generated 
data of the year 2014. The effect of different parameters like interest rate, inflation rate, deprecation time (plant life) and 
cumulative utilization factor (CUF), on LEC have been analyzed. A comparative study of the plants is done by varying these 
parameters. Operation and maintenance cost has been assumed 1% of the capital cost. It has been observed that LEC increases 
with increase in both inflation rate and interest rate. However, the influence of inflation rate on LEC is more. LEC decreases with 
increase in plant life and cumulative utilization factor. SPV plants established earlier have higher LEC compared to that of plants 
established later due to reduction in cost of SPV module prices over the years. 
© 2016 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1. Introduction 
Solar photovoltaic (SPV) electric power generation is a promising clean technology with vast potential. India is 
one of the best recipients of solar energy due to its favorable location (80 N to 380 N, Latitude) in the global solar 
belt (400 S to 400 N Latitude). India receives nearly 3000 hrs of sunshine every year which is equivalent to 5000 
trillion kWh of energy per annum with 300 days of good sunshine [1]. 
The cost of energy produced by SPV power plant is decreased significantly, in the recent years due to sharp fall in 
the PV module prices, improved performance (efficiency) and reliability of PV modules leading to reduced initial 
investment [2].  
 2016 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Further, Govt. polices also helped in the deployment of renewable energy systems and rapidly increased the 
installed capacity of solar photovoltaic (PV) power plants. During the last decade utility-scale PV plants in the range 
of tens of MW have been installed and currently operating all over the world [3].  
India has achieved more than 4,000 MW of grid connected renewable energy power projects set up in 2014–15 
[4], surpassing the targets by 8.5 percent. Renewable energy installed capacity in India reached 35,777 MW [5], by 
the end of July 2015. Grid connected solar power capacity stood at 4096.648 MW [6]. India scaled up to install a 
total of 100 GW solar power by 2021-22 [7]. As SPV module prices are falling down rapidly, power produced from 
SPV technology is becoming financially competitive to the power produced by fossil fuels and even better than some 
of the fossil fuel power plants such as diesel power plant. Solar photovoltaic (SPV) power plants have added 
advantage with long working life (20 to 30 years) with zero fuel cost and negligible maintenance cost, which 
encouraged the technology more popular with the investors [8]. 
 
Nomenclature 
Ca Equivalent annual cost 
Ccap Annual capital cost 
Cpe Present equivalent cost 
Com Operation & Maintenance cost 
CUF Capacity utilization factor 
f Inflation rate 
i Interest rate 
LEC  Levelized electricity cost 
N Plant life  
Pa Power generation  
SPV Solar photovoltaic   
* Corresponding author. Mobile : +91- 9413213510. 
E-mail address:tahirabano@gmail.com 
2. Details of SPV plants 
The five plants located are: 
x 1 MW Tail End Grid Interactive SPV of Rajasthan Renewable Energy Corporation Limited (Jaipur, Rajasthan). 
x 5 MW Bhardesh trading corporation SPV (Susner, Madhya Pradesh). 
x 10 MW NVR Infrastructures and Services Pvt. Ltd. (Bikaner, Rajasthan). 
x 25 MW ACME Solar energy Pvt. Ltd. (Khilchipur, Madhya Pradesh). 
x 151 MW Welpsun Ratangarh Neemuch plant (Diken, Neemuch, Madhya Pradesh). 
 
General, Technical and economical specification of power plants are shown in Table.1 to Table. 5. Table. 1 
shows the general specification of 5 SPV power plants. Table. 2 shows the technical specification of power 
condition unit of all the SPV power plants. Table.3, Table.4 and Table.5, shows the module specifications.  
Table 1. General specification of the different SPV power plants. 
Plant capacity 1 MW 5MW 10MW 25MW 151 MW 
Location Phagi, Jaipur,   
Rajasthan 
Susner, Agar,     
Madhya Pradesh 
Kolayat, Bikaner, 
Rajasthan 
Khilchipur, Madhya 
Pradesh 
Bhagwanpura, 
Diken, Neemuch 
Longitude/Latitude 260 55' N, 750 55'E 230 44'  N, 760 04' E 270 83'  720 95' E 240 02'  N, 760 37'E 240 69' N, 750 13' E 
Commission date  Mar. 2012 Aug. 2013 Jan. 2013 Dec. 2013 Aug. 2013 
Total area 6.25 acres 26.03 acres 60 acres 240 acres 600 acres 
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Total panels 4,368 20,500 51,280 1,66,325 5,40,233 
Tilt angle 260 230 220 22.50 190 
Capital cost 14 crore rupees 40 crore rupees 100 crore rupees 210 crore rupees 1100 crore rupees 
Man power 5 5 8 15 25 
Table 2. Technical specification of the power conditioning unit (inverter) used in different plants. 
Plant capacity 1 MW 5MW 10MW 25MW 151MW 
Makes/company Power-one Hitachi Hi-Rel Schneider Hitachi Hi-Rel Bonfiglioli 
No. of unit 2 8 14 40 130 
Rated capacity 500 kW per unit 630 kW per unit 680kW per unit 630 kW per unit 1 MW per unit 
Input voltage range 475-900 V DC 1000 V DC 1000 V DC 1000 V DC 550-1000 V DC 
Output voltage 320 V AC 655 V AC 380 V AC 655 V AC 360 V AC 
Efficiency 98% 98% 98% 98% 90-95% 
            Table 3. Technical specification of the modules used in different plants. 
Plant capacity 1 MW 5MW 10MW 
Makes/company Tata BP solar-230Wp Waaree-285Wp Emmvee-280Wp 
Maximum power voltage-Vmp (V) 29.1  35.0  35.83  
Maximum power curret-Imp (A) 7.9  8.18  7.95  
Open circuit voltage- Voc (V) 36.7 44.3  44.78 
Short circuit crrent- Isc (A) 8.4  8.81  8.44  
Efficiency (%) 15-16% 17-18% 18-19% 
Table 4. Technical specification of the modules used in 25 MW SPV power plant. 
Makes/company First solar-90Wp First solar-92.5Wp Trina-290Wp Trina-295 CNPV-300Wp 
Maximum power voltage-Vmp (V) 17.82 67.0  36.1  36.6  37.6 
Maximum power curret-Imp (A) 5.11  1.38  8.04  8.07  8.0  
Open circuit voltage- Voc (V) 21.6  86.0  44.9  45.2  45.2 
Short circuit crrent- Isc (A) 5.38  1.54  8.53  8.55  8.50 
Efficiency (%) 13.3 12.8 14.9 15.2 15.3 
Table 5. Technical specification of the modules used in 151 MW SPV power plant. 
Makes/company Trina-
240Wp 
Trina-
245Wp 
CNPV-
290Wp 
CNPV-
295Wp 
Renesola-
295Wp 
Renesola-
300Wp 
Maximum power voltage-Vmp (V) 29.7 30.2 37.2 37.3 36.3 36.6 
Maximum power curret-Imp (A) 8.10 8.13 7.80 7.90 8.13 8.20 
Open circuit voltage- Voc (V) 37.3 37.5 44.6 44.8 44.7 44.8 
Short circuit crrent- Isc (A) 8.62 8.68 8.40 8.50 8.62 8.69 
Efficiency (%) 17-18% 17-18% 17-18% 17-18% 17-18% 17-18% 
3. Calculation of Levelized electricity cost 
LEC is the constant unit cost (per kWh) of a payment stream that has the same present value as the total cost of 
building and operating a generating plant over its life [9]. 
The present equivalent (Cpe) cost is given by [9], 
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where ‘i’ is the interest rate , ‘f’  is the inflation rate, ‘Com’ is the cash flow at the end of first year (O&M cost) & 
‘N’ is plant life in years. The lifetime O&M cost is added to the capital cost (Ccap) to determine the total present 
value of cost over the lifetime of the SPV power plant. 
An equivalent annual cost (Ca) over the lifetime of the plant is calculated by Eq.(2). [9], 
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Levelized Electricity Cost is calculated by: 
a
a
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Cumulative Utilization factor (%): Cumulative Utilization Factor (CUF) is defined as the ratio between the gross 
energy generation of a power plant and the maximum gross energy generation possible in the period under 
operation. The CUF does not take into account any environmental factor like variation on irradiance from one year 
to another nor does it take into account the de-rating or degradation of the panels [10]. 
CUF is given by 
 
 
T otal geneartion  o f the p lan t ×  100
%  C U F  =
T o tal capacity o f the p lan t × 24  × 365         (4) 
Annual Power Output (Pa) in kWh is calculated by,  
C U F cap acity o f th e  p lan t in  k W 8 7 6 0
a
P h rs u u        (5) 
3.1. Comparison of LEC of SPV power plants 
 
Power generated (kWh) and Average irradiation data in the year 2014 of the power plants is shown in Table.6. 
Table 6. Power generated (kWh) by SPV power plants and Average irradiation data in the year 2014.  
Power generation data Average irradiation data 
Month 1 MW 5 MW 10 MW 25 MW 151MW Month 1 MW 5 MW 10 MW 25MW 151MW 
Unit kWh kWh kWh kWh kWh Unit kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 
Jan 109234 528900 1421358 2560700 17277200 Jan 4.26 4.69 4.55 4.84 4.16 
Feb 131653 723800 1389066 3832100 20284400 Feb 5.59 6.04 5.28 5.64 5.29 
Mar 162192 931180 1509270 5050200 26694200 Mar 6.75 5.60 5.89 5.84 7.12 
Apr 154250 882700 1620144 4514100 24012500 Apr 6.69 6.01 6.23 6.00 6.89 
May 
Jun 
155077 
137190 
857400 
806800 
1762950 
1593300 
4755900 
4414100 
21216900 
20001200 
May 
Jun 
6.55 
6.19 
5.99 
5.11 
6.07 
6.27 
6.18 
5.10 
6.71 
5.75 
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Using Eq. (1), (2) and (3), the capital cost, O & M cost, Annual cost and annual power output, LEC is calculated 
for all the 5 SPV power plants. For this calculation of LEC interest rate is taken as 10%, inflation rate as 6%, 
depreciation period (plant life) as 20 years. Operation & maintenance cost is taken as 1% of the capital cost. 
Table 7. Levelized electricity cost of all the five SPV power plants. 
Plant 
capacity 
Capital 
cost (Cr.) 
(Ccap) 
O & M 
(Cr.) 
(Com) 
Present value of         
O & M cost (Cr.) 
Cpe) 
Annual cost 
(Cr.) (Ca) 
Annual power 
output(kWh)(Pa) 
CUF (%) LEC(D/kWh) 
1 MW 14 0.14 1.83 1.85 1641048 18.66 11.33 
5 MW 40 0.40 5.23 5.31 8659880 17.37 6.14 
10 MW 100 1.00 13.08 13.28 18753294 18.29 7.08 
25 MW 210 2.10 24.47 27.89 48405200 18.80 5.76 
150 MW 1100 11.0 130.81 144.57 242413900 18.32 5.96  
 
Different capacity of SPV power plants and their Levelized Electricity Cost graph is shown in fig.1, and 
Cumulative Utilization Factor Vs. plant capacity graph is shown in fig.2. 
 
Fig. 1. LEC (D/kWh) Vs plant capacity (MW) keeping inflation rate and interest rate as constant. 
 
Fig. 2. CUF (%) Vs plant capacity (MW) keeping inflation rate and interest rate as constant. 
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3.2 Factors affecting LEC of the SPV power plant 
  LEC is calculated using the capital cost, O&M cost, plant life and power generation data of the year 2014 
shown in Table.7. The factors influencing LEC are discussed below. 
3.2.1 Effect of interest rate on LEC 
    On calculating LEC of the plant by taking inflation rate at 8% and varying interest rate from 5% to 15%, it is 
observed that LEC has shown significant increase with increase in interest rate in case of 1 MW SPV but for rest of 
the power plants LEC has shown slight increase with increase in interest rate. This is shown in Fig.3. 
 
 
 
 
 
 
Fig. 3. Variation of LEC (D/kWh) with interest rate keeping fixed inflation rate of 8 %. 
3.2.2  Effect of inflation rate on LEC 
On calculating LEC of the plants taking a fixed interest rate at 8% and varying and inflation rate from 3% to 
11%, it is observed that LEC has shown marginal increase with increase in inflation rate in all cases. This is shown 
in Fig.4.  
 
Fig. 4. Variation of LEC (D/kWh) with inflation rate keeping fixed interest rate of 8 %. 
3.2.3 Effect of Deprecation time on LEC 
Taking inflation rate and interest rate at 6% and 10% respectively and varying  the deprecation time period 
(N) from 15 to 25 years, the LEC has shown a marginal fall with rise in time period, which is shown in Fig. 5. 
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Fig. 5. LEC (D/kWh) Vs plant life (years) keeping inflation rate and interest rate as constant. 
3.2.4 Effect of Cumulative utilization factor on LEC 
Taking inflation rate and interest rate at 6% and 10% respectively, assuming the plant life as 20 years  and 
varying  CUF (%) from 15% to 25%, LEC has shown major fall in case of 1 MW SPV power plant while a slight 
fall is observed  in rest of the cases, which is shown in Fig. 6. 
 
 
  
 
 
 
 
 
 
 
Fig. 6. Comparison of LEC (D/kWh) for different CUF (%) at constant interest rate & inflation rate. 
 It is observed that the LEC calculated is quite high in case of 1 MW SPV power plant while it is 
comparatively low for rest of the plants. 
4. Conclusions 
x Major portion (50%) of the Capital cost of the SPV plant consists of the cost of the PV module. The cost of 
the PV module is decreasing in the recent years. Which has resulted reduced value of LEC for the plants established 
later compared to the plants installed earlier. 
x LEC for 1MW SPV power plant is found to be 11.33 Rs/kWh whereas for 151 MW SPV power plant it is 
found to be 5.96 Rs./kWh. 
x LEC has shown increase with increase in inflation rate and also with increase in interest rate. However the 
rise in LEC is comparatively high with rise in inflation rate. 
x With rise in depreciation time and CUF, the LEC is decreased. However the fall in LEC is significant with 
increase in CUF (%). 
x It is also observed that the LEC is high for 1MW SPV power plant in all cases, because the capital cost per 
MW is higher for the plants established earlier. 
x It is also observed that higher the capacity, lower is the LEC as O&M cost is reduced with increase in size of 
the plant.  
512   Tahira Bano and K.V.S. Rao /  Procedia Technology  24 ( 2016 )  505 – 512 
x The performance index i.e., CUF (%) is better with large capacity. 
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